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Cornell University EE Dept.

May 29, 1958

Scatter from individual electrons 
=> Echo bandwidth of 100s of kHz=̾ need 300 mѺ 
Ken Bowles ҁNIST҂
– bandwidth reflected ion velocities not electron velocities.
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FAST 
Guizhou, China

1996 proposed 
2007 funded 

2020 formal operation commenced 
>500 new pulsars; >120 papers, including, 5 Nature, 1 Science, 2 Nat. Astro.

2020-now



Observables
70 MHzӗ3 GHz

continuous coverage

Nan, Li, Jin et al. 2011, IJMR-D, 20, 989 
 (>500 google scholar citations) 

Li & Pan, 2016, Radio Science, 51, 7 
Li et al. 2018, IEEE Microwave, Vol. 19, Issue 3

a) HI 21cm (imaging & 
galaxies) 

b) Pulsars (FRBs) 
c) Molecular Spectroscopy  
d) VLBI 
e) SETI

NO large-scale survey  has simultaneously 
observed HI and pulsar. Why?
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• Run a “winking” CAL at the 
pulsar backend sampling 
rate (~100 μs) 

• Pulsar backend trigger 
automatic CAL  

• post-processing of  pulsar 
data recovers Tsys  

• CAL timing information  to 
be shared with all groups. 

Breakthrough HI/pulsar commensality!

Krčo et al.   
patent pending

High Cadence CAL 



220 full days            5280 hours
Drift �sidereal)

2018/5/24

Li et al. 2018 
IEEE Microwave, Vol 19, Issue 3, p112 

Commensal  Radio  Astronomy  FAST  Survey



Li et al. 2018, Invited Review  
IEEE Microwave, Vol 19, Issue 3, p112 

unprecedented commensality  
pulsar, galaxy, imaging, and FRB 

FAST ‘big data’ stream  
pulsar: 19 x 8bit x 4 x 4k x 2x104 per second   
HI:      19 x 8bit x 4 x 1M x 2 /s 

• 6 GB/s 

• 25TB/h 

• 550TB/day 

• 10 PB/ year

Commensal  Radio  Astronomy  FAST  Survey



■ ӗ1000 new pulsars  
■ ӗ500K galaxies 
■ >10 billion voxels HI sky image 
■ >50 new FRBs



http://crafts.bao.ac.cn

CRAFTS new pulsars >160, 41MSP, 1 DNS



 Dr. G. Hobbs, a member of the Gravitational 
Wave International Committee (GWIC)� 

   “a significant discovery, showing 
the potential of FAST for 
contributing to GW detection…”

A New MSP toward the Fermi-LAT unassociated source 3FGL J0318.1+0252

FAST’s first Milli-Second Pulsar (MSP)
开启FAST与国际多波段设备合作 

系统发现脉冲星与辐射机制研究的新途径

FAST & Fermi-LAT MoU, 2017.12



      FRBs is the most energetic cosmic 
signal in communication bands. Their 
equivalent energy can reach years’ worth 
of Solar radiation, but concentrated in a 
thousandth of a second. 

FRB 121102 对应星系 
“The most important discovery in 
astronomy since LIGO” —AAS Press 2017

The ‘Lorimer’ bursts



> 50 categories of models 
    No clear consensus



Big Bang

Zhu,Li+ 2020 ApJL 
Niu,Li+ 2021 ApJL C
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FRB 190520

CRAFTS reveals a high event rate >100K per day!



Jansky VLA

Host  
Galaxy 

? 
PanSTARRS

SWIFT Subaru

FRB 
190520

Palomar

C.H. Niu



Subaru-JCFHT-R’ JVLA-L

PRS

Redshift 
z=0.241 

<< 
Z(DMexcess)~1 

Tsai et al. 2021 in prep.
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Niu+ 2022 in press

Host Galaxy 
Identification

• Optical R′-band (CFHT MegaCam) 
5427Å–7041 Å:  Hβ 4861Å, [OIII] 4959Å, and [OIII] 
5007Å  

• Infrared J-band image (Subaru/MOIRCS) 
• Keck LRIS +  

Palomar DBSP



Credit Niu et al. 2022 / Saxton�NRAO�



Blue:  CFHT GRI 
Green: CFHT R 
Red:  Subaru J

Host

Tsai et al. 2021  
In prep.

Analogy: NGC1140 
a dwarf irregular galaxy

NGC1140

190520 

Host galaxy of FRB 190520 
a Star-forming dwarf galaxy



FAST: D. Li, C.-H. Niu, W.-F. Yu, J.M. Yao, P. Wang, Y.-K. Zhang, Y. 
Feng, B. Zhang, W.-W. Zhu, J. Cordes, S. Ocker et al.  
Effelsberg/EVN: Marilyn Cruces, Bo Zhang, Chenhui Niu et al. 
JVLA: Casey Law Wen-Fei Yu, Sarah Burke-Spolaor, et al. 
GBT: Yi Feng, Shi Dai, Ryan Lynch, Sarah Burke-Spolaor et al. 
VLBA: Wen-Fei. Yu, Casey Law, Shami Chatterjee et al.  
Parkes: Shi Dai, Yi Feng, Chen-Hui Niu. Di Li et al. 
Optical/High E: Chao-Wei Tsai, Chris Bochenek,  Yuu Niino et 
al.

"this is a highly significant result and 
well worthy of publication."
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Niu et al. 2022 
Nature, in press 

FRB 190520:  the hipper and weirder brother of 121102

Extraordinary  Properties
❖The highest DMhost ~ 912 pc cm-3  
❖The 2nd compact PRS confirmed to co-locate 

with a FRB 
❖ Extreme Activity: ~300 bursts by FAST, 

JVLA, Parkes, GBT and VLBA in multiple bands. 



“A repeating fast radio burst associated 
with a persistent radio source” 

Niu et al. 2022 Nature  

同一个世界观同一片天空：“神兽” 仿《故宫图册》



FRB121102 Burst Energy Statistics

FAST L-band 1.25GHz flux calibration

4 x 1036 erg  < Energy <  8.0 x 1039 erg 
1σ   =  2.1 mJy (1ms) 
7σ   =  15  mJy

z=0.193҅DL=949Mpc҅1Jy ms = 1.07x 1039 erg

(Zhang 2018) 

Gourdji+ 2019JVLA, AO, GBT

Gourdji+2019

Law+ 2017

Cruces+ 2020

AO

Effelsberg

β= -0.7
β= -1.8±0.3
β= -1.2±0.2

Cumulative burst energy distribution:



Burst Rate Energy Distribution 

Robust 
4.8x1037 erg

A bimodal burst energy distribution of a repeating fast radio burst source 
Li, Wang et al. 2021 Nature, 598,267

Bimodel



•The Lorentz/Cauchy function 
describe the ratio between 
two normally distributed 
variables  

•The best-fit index of 1.85 
( g e n e r a l i z e d C a u c h y 
function) is close to 2 within 
one σ ∼ 0.3

Burst Rate Energy Distribution - bimodel 
Li, Wang et al.  

Simulated ratio between 
two normally distributed 
variables  



FRB 121102 (2019episode) 
•No (quasi)-periodicity between 1ms and 1000s  
•Bimodal energy distribution favors stochastic events 
•Total energy in ~60 days ~ 38% of a single magnetar’s energy

Unlikely an isolated magnetar!



1. 火星探测天问一号探测器成功着陆火星 
2. 中国空间站天和核心舱成功发射、对接 
3. 从二氧化碳到淀粉的人工合成 
4. 嫦娥五号月球样品揭示月球演化奥秘 
5. 揭示SARS-CoV-2逃逸抗病毒药物机制 
6. FAST捕获世界最大快速射电暴样本 
7. 实现高性能纤维锂离子电池规模化制备 
8. 可编程超导处理器“祖冲之号”的量子行走 
9. 自供电软机器人成功挑战马里亚纳海沟 
10.揭示鸟类迁徙路线成因和长距离关键基因

2021年度中国科学十大进展



1. Channel smearing

cf. Faraday rotation

3. multi-path propagation

Feng et al. 2022, Science, 375, 1266–1270 

Δν Δθ = 2c2ΔνRMobs

ν3c

Depolarization of  FRB repeaters ?

Multi-path propagation through 
different RMs
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m
a fdePol = 1 − exp(−2λ4σ2

RM)

fdePol = 1 − sin(Δθ)/Δθ

e.g O’Sullivan et al.  2012

polarization direction

radio pulse
Δτ

for pulsars, cf.  Petrova 2001

2. Intrinsic

radio pulse



Feng et al. 2022, Science, 375, 1266–1270 



Unified characterization of all FRBs - #RM 

%∝1-e(-2λ4#RM2)

Feng et al. 2022, Science, 375, 1266–1270 



Transient Universe 


